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Abstract 

Introduction: The value of argyrophilic nucleolar organizer regions (AgNORs) to 
predict survival in patients with ovarian cancer has not been clearly explained 
yet. The aim of study was to assess the value of analysis of the mean number 
of AgNORs per nucleus (mAgNOR) and mean percentage of nuclei with five or 
more AgNORs per nucleus (pAgNOR) in the prediction of disease-free survival 
(DFS) and overall survival (OS) in patients with serous ovarian cancer. 
Material and methods: The study examined 52 patients treated for serous ovar- 
ian cancer with a follow-up period of 2-143 months. After silver staining paraf- 
fin specimens from primary surgery, mAgNOR and pAgNOR in cancer cells were 
counted and analyzed. Age, grading, radicality of surgery and FIGO staging were 
analyzed as covariates. 

Results: Mean mAgNOR equaled 4.4 ±0.9 and pAgNOR equaled 42.2 ±20.8%. 
Both mAgNOR and pAgNOR were the lowest in Gl tumors. The mAgNOR and 
pAgNOR were lower in stage I than stage IV cancers. The DFS and OS rates were 
respectively 15.4% and 21.2%. In univariate analysis FIGO staging, grading, and 
pAgNOR were associated with worse prognosis, while radicality of surgery 
remained a significant protective factor in terms of DFS. Higher FIGO staging 
and older age worsened OS. In multivariate analysis FIGO staging remained sig- 
nificantly associated with both DFS (HR 1.98; 95% CI 1.05-3.71) and OS (HR 1.76; 
95% CI 1.00-3.10), while age affected OS rates (HR 1.78; 95% CI 1.04-2.95). 
Conclusions: mAgNOR and pAgNOR are useful markers of cellular kinetics. 
Prospective studies in larger populations are needed to confirm these results 
in terms of AgNORs' effects on survival. 

Keywords: nucleolar organizer regions, argyrophilic, serous ovarian cancer, prog- 
nostic factors, survival. 



Introduction 

Ovarian cancer is the fourth leading cause of all deaths due to malig- 
nant neoplasms in women, after cancer of the breast, lung and bowel. Its 
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common histological type is primary serous adeno- 
carcinoma [1]. Many studies have been devoted to 
identifying prognostic factors, and numerous fea- 
tures with varying degrees of accuracy have been 
proposed for ovarian cancer patients [1-4]. General- 
ly, post-operative residual tumors have been 
described as the leading prognostic factor, with the 
type of adjuvant chemotherapy and platinum sen- 
sitivity being other independent indicators of relapse 
and survival [1, 2, 5]. However, the prognostic sig- 
nificance of some of the readily available clinical, 
laboratory and pathological factors such as age, 
serum markers, histological type, grade, and prolif- 
erative activity of the tumor has been debated [1]. 

The proliferative activity of neoplasms can be 
estimated by many methods, and the analysis of 
argyrophilic nucleolar organizer regions (AgNORs) 
is one of them [6-9]. The value of AgNORs as pro- 
liferation markers has been confirmed in many can- 
cers such as ovarian, endometrial, cervical, breast, 
gastric, colorectal, oral, bladder, prostate, hepato- 
cellular, and salivary gland cancer [10-20]. The NORs 
are segments of DNA that transcribe to ribosomal 
RNA and are situated on short arms of the acro- 
centric chromosomes 13, 14, 15, 21 and 22. The num- 
ber of NORs reflects the transcriptional activity of 
cells, and is related to cell cycle stage. The quanti- 
ty of interphase NORs increases in cycling cells from 
the early Gl phase to the late S phase. In cancer 
tissues, the NOR value is closely related to both the 
percentage of cycling and S-phase cells [21, 22]. 

The first reports of usefulness of AgNOR analysis 
as a diagnostic tool in oncology were published 
30 years ago [22]. Since then, several studies have 
shown that the AgNOR count differs between benign 
and malignant tumors of various origins and in can- 
cers with different histological grades [8, 10, 14, 16, 
23, 24]. The relationship between AgNOR count in 
many cancers and some clinical parameters such as 
staging, tumor size and distant metastasis has also 
been widely described [9, 20]. The relationship be- 
tween AgNOR count, age and performance status of 
the patients was not however determined. It is pos- 
tulated that in benign tumors, the mAgNOR value 
varies between one and two, and an increased 
mAgNOR value positively correlates with the num- 
ber of acrocentric chromosomes, increased amount 
of DNA and aneuploidy [23]. An mAgNOR value larg- 
er than three is thought to be a characteristic mark- 
er of malignant tumors [16, 25]. 

After silver staining, NORs can be easily identi- 
fied as black dots exclusively situated throughout 
the nucleolar area, and are called AgNORs. NOR 
argyrophilia is due to a group of nucleolar proteins 
with a high affinity to silver. AgNOR analysis can be 
performed in three ways: I - the mean number of 
AgNORs per nucleus (mAgNOR); II - the mean per- 
centage of nuclei with five or more AgNORs per 



nucleus (pAgNOR); III - the AgNORs area/nucleus 
ratio (sAgNOR) [22, 25, 26]. In this paper we ana- 
lyze the AgNOR count as a function of mAgNOR 
associated with tumor ploidy, and pAgNOR, which 
is thought to be a proliferative activity index 
[21, 27]. The results of sAgNOR analysis were report- 
ed previously [28]. 

The aim of the study was to assess the value of 
mAgNOR and pAgNOR analysis in the prediction of 
disease-free survival (DFS) and overall survival (OS) 
in serous ovarian cancer. 

Material and methods 

The study examined 52 consecutive patients 
aged 24-83 years (mean: 57.1 ±14.5) diagnosed and 
treated operatively for serious ovarian cancer in the 
Madurowicz Memorial Hospital of Lodz during 1998- 
2002. Adjuvant chemotherapy was conducted in the 
Regional Cancer Center of Lodz and in the Madurow- 
icz Memorial Hospital of Lodz. Patients with incom- 
plete follow-ups in November 2009 were excluded. 
Detailed clinical and pathological characteristics of 
the study group are presented in Table I. 

The tissues from initial surgery were analyzed. 
Sections 4 pirn thick were cut from tissue blocks, 
previously routinely fixed in 10% buffered formalin 
and embedded in paraffin. One section was stained 
with hematoxylin and eosin for histopathologic 
diagnosis. Another section was stained according 
to the one-step AgNOR method described by How- 
ell and Black [22] and Ploton etal. [26]: specimens 
were incubated in a mixture of one volume of 2% 
gelatin in 1% formic acid to two volumes of 50% sil- 
ver nitrate and then washed ten times with deion- 
ized distilled water. Histological morphometry was 
performed by means of an image analysis system 
consisting of a PC equipped with an optical mouse, 
a Ver 2000 card (frame grabber, true color, real 
time), produced by ADDA Technologies (Taiwan), 
and a Panasonic color TV camera (Japan), coupled 
to a Carl Zeiss Jenaval microscope (Germany). This 
system was programmed (MultiScan software pro- 
duced by Computer Scanning Systems, Poland) to 
calculate the surface area of the structure whose 
perimeter was traced, and the total number of 
objects (semi-automatic function). 

Both the counting of AgNORs and the morpho- 
metric assessment were performed at 400x mag- 
nification. The AgNORs were seen as black or dark 
brown dots within the nucleus. The following 
parameters were estimated in 100 randomly cho- 
sen nuclei: (1) nuclear area and nuclear outline (the 
outer limit of a nuclear membrane was traced using 
the cursor of an optical mouse), (2) the number of 
AgNORs per nuclear area (these objects were auto- 
matically counted and then followed with manual 
correction, as needed). From these data, the analy- 
sis of mAgNOR and pAgNOR counts was conduct- 
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Table I. mAgNOR and pAgNOR and selected clinical and histological parameters in patients with serous ovarian cancer 



Parameter 


Number 


Percent 




mAgNOR 






pAgNOR 








Mean ± SD 


K-W Post-hoc 


Mean ± SD 


K-W Post-hoc 


Age [years] 


< 50 (A) 


14 


26.9 


4.6 +0.9 


p = 0.1462 N/A 




47.2 ±21.7 


p = 0.0655 N/A 


51-70 (B) 


21 


40.4 


4.6 +1.0 






46.8 ±21.9 




> 70 (C) 


17 


32.7 


4.1 ±0.5 






32.2 ±15.9 




Grading 


Gl 


13 


25.0 


3.8 +0.2 


p< 0.0001* Gl-G2p = 


0.14 


24.6 ±9.1 


p < 0.0001* G1-G2 p = 0.20 


G2 


15 


28.8 


4.2 ±0.6 


G1-G3 p < 


0.001 


37.4 ±14.3 


G1-G3 p < 0.001 


G3 


24 


46.2 


4.9 ±1.0 


G2-G3p = 


0.07 


54.5 ±21.3 


G2-G3 p = 0.06 


FIGO staging 


r 


9 


17.3 


3.9 ±0.5 


p = 0.07 N/A 




27.3 ±15.7 


p = 0.08 N/A 


ii 


5 


9.6 


4.2 ±0.6 






40.2 ±21.1 




in** 


31 


59.6 


4.5 ±1.0 






44.4 ±20.9 




IV** 


7 


13.5 


4.6 ±0.8 






49.8 ±20.5 




Radicality of surgery*** 


R 


16 


30.8 


4.1 ±0.7 


p = 0.21 N/A 




35.8 ±22.6 


p = 0.40 N/A 


OC 


30 


57.7 


4.6 ±1.0 






46.0 ±20.1 




SoC 


6 


11.5 


4.3 ±0.5 






39.7 ±18.9 




Adjuvant treatment 


No 


3 


5.8 


4.3 ±0.5 






43.7 ±22.0 




CT** 


49 


94.2 


4.4 ±0.9 






42.0 ±21.1 





'Statistical significance, "lower mAgNOR and pAgNOR values in FICO stage I when compared to stage IV (p = 0.030; p = 0.026) and lower 
pAgNOR value in FICO stage I when compared to stage III (p = 0.029), ""paclitaxel + cisplatin, R - radical, OC - optimal cytoreduction, SoC - 
suboptimal cytoreduction 



ed. Additional factors included in the analysis were 
age at diagnosis (categorized as < 50; 51-70 and 
> 71 years), clinical FIGO staging, radicality of sur- 
gery (1. radical: lack of residual tumor; 2. optimal 
cytoreduction: < 1.0 cm diameter of residual tumor; 
3. suboptimal cytoreduction: > 1.0 cm diameter of 
residual tumor) and histological grading. The DFS 
was defined as the period from primary surgery 
until relapse. The OS was defined as the period 
from primary surgery until death or until the clos- 
ing date of the study. 

Statistical analysis 

All data were analyzed using Statistica 9.0 PL 
software (StatSoft Inc., Tulsa, OK., USA). Due to the 
small and unequal sample sizes, the nonparamet- 
ric analysis of variance (the Kruskal-Wallis test) was 
used for mAgNOR and sAgNOR analysis in groups 
of different age, extent of surgery, grade and clini- 
cal stage according to FIGO. Post-hoc testing using 
Bonferroni-corrected Mann-Whitney Utest was per- 
formed if statistical significance was obtained in 
analysis of variance. Kaplan-Meier survival curves 



are presented for mAgNOR and pAgNOR. Univari- 
ate Cox regression models were constructed for the 
analyzed variables potentially affecting OS and DFS. 
Multivariate models of survival for mAgNOR and 
pAgNOR were also developed to evaluate the role 
of confounding variables such as FIGO stage, grade, 
age of the patient and radicality of surgery. The 
mAgNOR and pAgNOR were tested in separate 
models to avoid redundancy as both variables were 
expected to be intrinsically correlated. A multivari- 
ate proportional hazard model (Cox) was used to 
test the prognostic value of features. A value of p 
less than 0.05 was considered as significant. 

Results 

Mean mAgNOR and pAgNOR equaled 4.4 ±0.9 
and 42.2 ±20.8% respectively. The statistical analy- 
sis of the mAgNOR and the pAgNOR as a function 
of age at diagnosis, histological grading, FIGO stag- 
ing, radicality of surgery and adjuvant treatment is 
presented in Table I. Figure 1 demonstrates the 
AgNORs in G2 serous ovarian cancer. 

Mean duration of the follow-up period was 44.6 
±43.4 months. The DFS rate was 15.4%. In univariate 
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analysis FIGO staging (p = 0.008), radicality of sur- 
gery (p = 0.032) and pAgNOR (p = 0.048; Figure 2) 
worsened DFS, grading showed borderline signifi- 
cance (p = 0.053), while mAgNOR (p = 0.404; Fig- 
ure 3) and age category at diagnosis (p = 0.181) 
were not connected to DFS. The results of univari- 
ate analysis are presented in Table II. In multivari- 
ate analysis only FIGO staging remained significant. 

During the follow-up 41 patients (78.8%) died, 
and 11 patients (21.2%) remain alive. The OS 
rate was 21.2%. In univariate analysis FIGO staging 
(p = 0.010) and grading (p = 0.050) worsened OS, 
age category at diagnosis (p = 0.055) and radicality 
of surgery (p = 0.092) and pAgNOR (p = 0.082; Fig- 
ure 4) suggested a potential impact on OS, while 
mAgNOR (p = 0.445; Figure 5) was not shown to 
affect OS. The results of univariate analysis are pre- 
sented in Table II. In multivariate analysis, OS was 
found to be significantly associated with FIGO stag- 
ing and patient's age. The results of multivariate 
analysis are presented in Tables III and IV. 

Discussion 

Some reports describing the AgNORs in epithe- 
lial ovarian tumors exist in the literature [6, 9-11, 29, 
30]. It has been confirmed that in epithelial ovarian 
tumors, mAgNOR and pAgNOR increase from benign 
to borderline and malignant neoplasms [9, 29, 30], 




Figure 1. AgNORs in G2 serous ovarian cancer, lOOOx 
magnification. After silver staining, NORs can be 
easily identified as black dots exclusively situated 
throughout the nucleolar area, and are called 
AgNORs (arrows) 



while in cancers, the number also increases from Gl 
to G3 tumors [6, 9, 31]. This represents a close match 
with our findings that mAgNOR and pAgNOR were 
positively correlated with tumor grading. Opposite 
to mAgNOR and pAgNOR, in our previous study we 
reported higher sAgNOR values in Gl cancers when 
compared to lower sAgNOR in G3 cancers [28]. It 
can be explained by the dynamic changes in the 
nuclear volume during the transformation from well- 
differentiated to poorly differentiated carcinoma 
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Figure 2. pAgNOR analysis and DFS 



Figure 3. mAgNOR analysis and DFS 



Table II. DFS and OS in patients with serous ovarian cancer - univariate analysis 



Parameter 




DFS 










OS 








Hazard 
ratio 


95% Confidence 
interval 


Value of p 


Hazard 
ratio 


95% Confidence 
interval 


Value of p 


Age category 
at diagnosis 


1.35 


0.87 


2.10 


0.18 


1.52 


0.99 




2.32 


0.06 


Radicality of surgery 


0.43 


0.20 


0.93 


0.03* 


0.51 


0.23 




1.12 


0.09 


Staging 


1.75 


1.16 


2.64 


0.01* 


1.78 


1.15 




2.76 


0.01* 


Grading 


1.47 


0.99 


2.17 


0.05* 


1.50 


1.00 




2.25 


0.05* 


mAgNOR 


1.14 


0.84 


1.54 


0.41 


1.13 


0.83 




1.54 


0.45 


pAgNOR 


1.03 


1.01 


1.06 


0.05* 


1.32 


0.97 




1.79 


0.08 



"Statistical significance 
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Figure 4. pAgNOR analysis and OS 

Table III. mAgNOR, DFS and OS - multivariate analysis 



48 60 72 
OS [months] 

-4.01-5.00 5.01-6.00 



84 96 108 120 



mAgNOR < 4.01 

Figure 5. mAgNOR analysis and OS 



-> 6.00 



Parameter 






DFS 








OS 








Hazard 
ratio 


95% Confidence 
interval 


Value of p 


Hazard 
ratio 


95% Confidence 
interval 


Value of p 


Age at diagnosis 


1.33 


0.77 




2.30 


0.31 


1.78 


1.04 


2.95 


0.04* 


Radicality of surgery 


1.02 


0.68 




1.54 


0.91 


0.94 


0.62 


1.42 


0.77 


Grading 


1.20 


0.73 




1.96 


0.47 


1.17 


0.72 


1.91 


0.52 


FIGO staging 


1.98 


1.05 




3.71 


0.04* 


1.76 


1.00 


3.10 


0.05* 


mAgNOR 


0.78 


0.53 




1.13 


0.19 


0.81 


0.55 


1.18 


0.27 


'Statistical significance 




















Table IV. pAgNOR, DFS and OS 


- multivariate analysis 












Parameter 






DFS 








OS 








Hazard 
ratio 


95% Confidence 
interval 


Value of p 


Hazard 
ratio 


95% Confidence 
interval 


Value of p 


Age at diagnosis 


1.33 


0.74 




2.40 


0.33 


1.74 


0.99 


3.06 


0.06 


Radicality of surgery 


1.05 


0.69 




1.59 


0.84 


0.95 


0.62 


1.46 


0.82 


Grading 


1.16 


0.69 




1.95 


0.58 


1.12 


0.66 


1.89 


0.68 


FIGO staging 


1.86 


0.99 




3.52 


0.06 


1.66 


0.93 


2.97 


0.09 


pAgNOR 


0.88 


0.58 




1.32 


0.53 


0.92 


0.61 


1.42 


0.75 



cells. Despite the dynamic increase in the total num- 
ber of AgNORs per tumor cell nuclei from Gl to G3 
cancers [32], the rapid increase in cell volume may 
result in the decrease of sAgNOR from Gl to G3 can- 
cers. 

Previous data published by Ghazizadeh etal. [6] 
and Sah et al. [31] describe a positive correlation 
between AgNORs and clinical staging in patients 
with ovarian cancer. We found only lower mAgNOR 
and pAgNOR values in FIGO stage I when compared 
to stage IV and additionally pAgNOR when com- 
pared to stage III, but in our previous study of 69 
primary serous ovarian cancers, we confirmed a sig- 
nificant association between mAgNOR, pAgNOR 
and staging [10]. The third parameter of the 
AgNORs analysis, sAgNOR, remains rather constant 
during the progression and dissemination of the 
neoplastic disease [28]. 



The significant value of AgNORs to predict long- 
term survival in patients with primary ovarian can- 
cer has not been clearly explained yet. Our previ- 
ous studies of mAgNOR and pAgNOR examined 
39 patients with a short observation period from 
initial surgery to second-look laparotomy. Of these, 
32 with completed long-term data were included 
in our present study. In these studies, a significant 
correlation between both the mAgNOR and the 
pAgNOR and the quantitative result of second-look 
laparotomy was postulated, and the higher num- 
ber of AgNORs resulted in better response to adju- 
vant chemotherapy [33]. It is noteworthy that ear- 
ly relapses occur in tumors with high proliferative 
activity after remission, and generally the progno- 
sis for these patients is worse compared to patients 
with lower proliferative activity [15, 17, 24, 34]. Ana- 
lyzing long-term treatment results, Muso et al. 
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found the mAgNORs to be significantly higher in 
37 patients with progressive ovarian cancer of dif- 
ferent histological types, despite postoperative 
chemotherapy, than in patients who underwent 
successful treatment [35]. Similarly, Sah et al. 
observed high AgNOR counts in a group of 84 pa- 
tients with progressive disease, recurrence or death 
from tumor [31]. Our results confirm the possible 
significant value of pAgNOR, but not mAgNOR 
analysis in prediction of DFS, but not OS, in 52 ovar- 
ian cancer patients, all of the serous type. Our pre- 
vious results of sAgNOR analysis on the same group 
of 52 patients did not confirm a significant associ- 
ation between sAgNOR and long-term survival [28]. 

There are some reports correlating AgNOR count 
and survival in patients suffering from cancers of 
non-ovarian origin [15, 17, 24, 34]. Chiusa etai, after 
analysis of 65 cases of prostate cancer in a 3-year 
follow-up, found patients with G2 prostate cancers 
and high AgNOR counts to have worse prognosis 
(similar to G3 cancers) when compared to G2 
tumors with low AgNOR counts (similar to Gl can- 
cers) [17]. Kumar etai identified a significantly 
worse prognosis and need for more intensive treat- 
ment for patients with larger AgNOR counts when 
compared to patients with lower AgNOR counts 
[15]. Similar conclusions were postulated for col- 
orectal and bladder cancers [24, 34]. 

Finally, the primary goal of a surveillance strate- 
gy in patients with serous ovarian cancer is to facil- 
itate the early detection of the disease, but even in 
such cases the prognosis should be assessed very 
carefully. New technologies that have been devel- 
oped over recent years, which enable more precise 
analysis of cellular proteins, e.g. MALDI mass spec- 
trometry imaging, should be used to better charac- 
terize ovarian carcinogenesis and to recognize new 
prognostic factors in ovarian cancer [36]. 

Our findings show that the analysis of tumor mark- 
ers such as AgNORs gives potentially significant infor- 
mation. The AgNOR count can be taken into consid- 
eration as a potential additional prognostic indicator 
in serous ovarian cancer. The low number of patients 
in our study should be taken into consideration, and 
the results interpreted with this in mind. 

In conclusion, mAgNOR and pAgNOR are useful 
markers of cellular kinetics and good prognostic 
factors in serous ovarian cancer. The assessment 
of sAgNOR should be performed commonly with 
mAgNOR and pAgNOR to better characterize the 
cancer. The small number of patients used for this 
study demands further prospective studies in larg- 
er populations to confirm these results. 
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